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Tuesday, February 18, 2014 611ahave produced MD trajectories to validate and apply the tools we have written.
These trajectories include replicates of fragments of the FG-nucleoporins nsp1
and nup116 as well as several mutants with simulation times of 200-250 nano-
seconds in implicit and explicit solvent. To compare these results with a
simpler set of trajectories along a known spectrum of disorder, we simulated
three sets of homopolymers with increasing conformational flexibility in
explicit solvent.
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Troponin C (TnC), the Ca2þ-binding member of the Troponin complex, is
responsible for initiating myocyte contraction. The sequence of TnC is highly
conserved across vertebrates; however, TnC expressed in the hearts of many
teleosts is the product of two distinct genes: cardiac TnC (cTnC) and the
fish-specific slow skeletal TnC (ssTnC). In Zebrafish, ssTnC differs from
cTnC by 18 residues, however changes can be measured the DG of simulated
Ca2þ binding, and in the expression of each isoform in temperature acclimated
Zebrafish.
The cardiac and slow-skeletal isoforms of Zebrafish TnC were modeled
using human cTnC as a template. The models were then equilibrated at either
18C or 28C, and the resultant structures were very similar. Individually,
the N & C domains superimpose very well, although the relative positions
of the domains are variable due to the flexibility of the D-E linker region
of cTnC.
The free energy of Ca2þ binding was calculated for each isoform at each tem-
perature. The results indicate that there were small differences between the two
isoforms at 18C, the DG of binding for the slow-skeletal isoform is 11% lower
than that of cardiac. At 28C, the DG of binding for the slow-skeletal isoform
was 43 % higher than that of the cardiac isoform.
A series of qPCR experiments demonstrated that at 28C, the ssTnC mRNA
levels are twofold greater than cTnC mRNA levels, while at 18C, cTnC
expression is 1.5-fold higher over ssTnC in the Zebrafish atrium.
Taken together, these results suggest that the increase in expression of the slow
skeletal isoform at higher temperatures compensates for the decrease in the
ability of the cardiac isoform to bind calcium.
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High pressure effect on proteins and peptides has recently been studied theo-
retically and experimentally to understand structural properties of proteins
such as protein folding and the function of proteins. While some proteins are
denatured under high pressure conditions, some peptides are more stable at
high pressure than at atmospheric pressure. It is important to understand the
molecular mechanism of pressure-induced structural changes of proteins and
peptides.
We studied pressure effect on the structure of a helical peptide by using molec-
ular dynamics simulations. We used an AK16 peptide as a helical peptide.
AK16 is more helical under high pressure conditions than at atmospheric pres-
sure. Molecular simulations often get trapped in the local minimum states of the
free energy. In order to overcome such difficulty, we used a generalized-
ensemble algorithm, which gives more efficient sampling in a molecular simu-
lation. The simulated tempering method for the isobaric-isothermal ensemble
(Y. Mori and Y. Okamoto, JPSJ 79, 074003, 2010) was used for efficient
sampling in pressure space.
We performed molecular dynamics simulations with the simulated tempering
method for the system of AK16 in explicit water molecules. We found that
the population of the helical structure of the peptide increases as pressure in-
creases. We also calculated the free energy difference and the partial molar vol-
ume change as a function of pressure. The partial molar volume change from
the helical state to the coil state increased monotonically from a negative value
to a positive value with pressure. The positive value of the partial molar volume
change is consistent with experimental results. We revealed the molecular
details of AK16 under high pressure conditions (Y. Mori and H. Okumura,
JPCL 4, 2079, 2013).3088-Pos Board B780
Constant Domain of Fab Fragment Affects Antigen Binding of Antibodies:
Molecular Dynamics Study
Keiko Shinoda, Hideaki Fujitani.
LSBM, RCAST, univ. of Tokyo, Tokyo, Japan.
The fragment antigen binding (Fab) is a region on an antibody that binds
to antigens. It is composed of one constant and one variable domain (Fv),
which contain the heavy (H) and the light (L) chains. Antibodies bind antigens
via contacts with amino acids in complementarity-determining regions
(CDRs) in Fv domain. It may seem to be plausible that there is no dif-
ference of the binding structure and affinity between Fv and Fab format if
the both format have same CDRs. Recently, however, numerous studies
have compared the binding affinity of the single chain Fv (scFv) and Fab
variants of the same antibody and have found that the changing the format
to a Fab resulted in equal or higher binding affinity. However, the affects
of the structural format on the antibody binding affinity remains poorly
understood. In order to investigate the difference of physical properties
between Fab and Fv fragments, from a structural and thermodynamical
point of view, we have carried out 1 ms molecular dynamics (MD) simulations
for each format. We have used the antibodies of epiregulin (EPR) as a
simulation model, which is a member of the epidermal growth factor (EGF)
family and a factor affecting pancreatic cancer, exhibiting high biological
activities.
We have found that constant region of Fab fragment of the antibody play an
important role in the Fv domain stability, which reduce a fluctuation between
H chain and L chain, and reduce the surface area of basic and hydrophobic
amino acid exposed to solvent. And also find that binding free energy of Fab
fragments and EPR is lower than that of Fv fragments. This indicates that
the presence of the constant region of Fab fragment affects the binding structure
of EPR and antibody.
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We synthesized TRA, a potent inhibitor to skeletal myosin, and its ana-
logues, and investigated their effects on function and structure of skeletal
myosin. ATPase assays using TRA and its analogues showed that long
alkyl chain and carboxyl group of the TRA structure was indispensable for
the inhibitory effect and the interaction with myosin structure. TRA acti-
vated the Mg2þ-ATPase activity and decreased the amount of M.ADP.Pi
formation of myosin. Myosin head did not bind actin filament in the
presence of TRA. Fluorescence measurements and circular dichroism data
reflected that specific structural change of myosin heads occurred while the
myosin Mg2þ-ATPase activity was activated in the presence of TRA. All
these results support the idea that TRA binds myosin heads and induce the
actin bound state of myosin heads. We also studied a putative binding site
of TRA on the myosin structure by in silico modeling, which turned out to
be consistent with the in vitro results and the structural changes of myosin
molecule.
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F1-ATPase is a rotary motor enzyme. A single molecule experiment has iden-
tified that after the ATP hydrolysis, one of the b subunits in the F1-ATPase
changes the conformation from the closed form (bDP) to the half-closed form
(bHC). We performed ensemble sampling simulations to elucidate this struc-
tural change mechanism. The simulations were carried out with different nucle-
otide states, since although it has been identified that stochastically both the
products (ADP and Pi) should be present in the catalytic active site, we under-
stand neither the quantitative stability of the structural change with that
nucleotide state, nor the mechanistic reason underlying that the presence of
both products takes advantage of the structural change. The obtained free
energy profiles of the structural change with each nucleotide state agree well
with the facts observed in single molecule experiments. Also, in the structural
change from the open to closed form, we could obtain the half closed form
(bHC) in a minimum of the free energy surface. We present new results of
the ensemble sampling simulations for the structural change after the ATP
hydrolysis.
